Mycoplasmatales virus-laidlawii 2 (MV-L 2) was purified by ammonium sulphate precipitation and by sucrose density gradient fractionafion. Electron micrographs of virus showed predominantly spherical enveloped particles with a mean diameter of about 80 nm (range 52 to 125 nm). The envelope had a 'unit membrane' structure and was probably serologically dissimilar to the ' unit membrane' of the host Acholeplasma laidlawii. No obvious isometric or helical capsid was observed within the envelope. The nucleic acid appeared to be DNA.
INTRODUCTION
Mycoplasmatales virus-laidlawii 2 (MV-L2) was isolated from a strain of Acholeplasma laidlawii, a member of the Mycoplasmatales (Gourlay, I97I) . This virus differed morphologically, serologically and biologically from Mycoplasmatales virus-laidlawii I (MV-LI), the first virus isolated from A. laidlawii (Gourlay, 197o) , which is a small rod probably containing DNA (Gourlay, Bruce & Garwes, t 97 I) . Electron micrographs of negatively stained MV-Lz showed roughly spherical, apparently enveloped particles, about 5o to 12o nm in diameter (Gourlay, 1970. This paper describes the method used for purification of MV-L2, further electron microscope and serological studies and studies designed to examine its nucleic acid type.
METHODS
Virus production and assay. A. laidlawii strains 13o2/68 and 13o5/68 (Gourlay & Wy]d, 1972 ) were used as host for this virus. The achoIeplasma strains were grown and the virus produced and assayed (by the modified Miles and Misra method), as previously described for MV-LI (Gourlay & Wyld, I972) , except that incubation at 37 °C was carried out for 36 to 48 h instead of 18 to 24 h.
Preparation of antiserum. For the preparation of MV-L2 antisera, rabbits received an initial intramuscular injection containing 5 × Ioa° p.f.u, of purified virus combined with sodium alginate (Medical Alginates Ltd, Perivale, Greenford, Middlesex) as adjuvant, followed 2 weeks later by three weekly intravenous injections of equivalent amounts of virus. The rabbits were bled for serum 4 and 7 days after the last injection. A. laidlawii antiserum was prepared by a similar regimen, using antigen prepared from the I52 strain of A. laidlawii. In the first experiment, a lawn was prepared with the 13o5/68 strain ofA. laidlawii. When the plate was dry, o.o2 ml of A. laidlawii antiserum was dropped on to the lawn, o-o2 ml of MV-L2 antiserum was dropped on to another area of the lawn and finally a third area of lawn was inoculated with o'o4 ml of MV-L2 suspension at a concentration which produced confluent plaques. When the virus suspension had dried, o.o2 ml of MV-L2 antiserum was dropped within the area of the MV-L2 suspension drop. The plate was then incubated at 37 °C. In the second experiment, o.2 ml of A. laidlawii antiserum was added to o.2 ml of MV-L2 suspension, diluted in phosphate buffered saline (PBS), pH 7"3; the mixture was incubated for 2 h at 37 °C, after which it was assayed for MV-L2 activity. Controls with normal rabbit and MV-L2 antisera were prepared.
Purification of MV-L2. MV-L2 virus suspension, produced on solid medium plates (Gourlay & Wyld, 1972 ) using the 13o5/68 strain of A. laidlawii as host, was made up to 55 ~ saturation with ammonium sulphate in an ice bath. The mixture was centrifuged at IOOOOg for 45 min at 4 °C. The resulting supernatant fluid was discarded and the precipitate was dissolved in a small volume of o'15 M-sodium chloride buffered with IO mM-tris, pH 7"4 (TS), and dialysed against 5oo vol. of TS overnight at 4 °C. The dialysed precipitate was then layered over a two-step sucrose gradient consisting of 13 ml of 2o ~ (w/w) sucrose in TS layered over 4"5 ml of 60 ~ (w/w) sucrose in TS, in a 2o ml polycarbonate tube. This was centrifuged in a 3 × 23 ml swing-out rotor at 3oooo rev/min (94ooog av.) for 3"5 h at 4 °C. The gradient was fractionated into o'7 ml samples by pumping from the bottom of the tube through a capillary tube. MV-L2 was located by infectivity assay and by extinction at 26o and 280 nm. Fractions containing most virus were pooled, dialysed against TS, then layered over a I2. 5 ml linear gradient from 2o to 6o ~ (w/w) sucrose in TS. The gradient was centrifuged in a 6 × 15 ml swing-out rotor at 25ooo rev/min (59ooog av.) for 17 h at 4 °C and then fractionated into o'4 ml samples by the method described for the previous gradient. Virus was located as described above.
Incorporation of [3HI-labelled nucleic acid precursors. A. laidlawii 13o5/68 was inoculated
in two aliquots of GS broth, without added DNA, one containing o'o3 mM-[3H]-methylthymidine and the other o'o3 mM-[3H]-uridine-5 ' (both at a specific activity of IOOO mCi/ m-mo0. The broth cultures were incubated overnight at 37 °C and then used to produce layer plates on bases containing the same nucleotides at a concentration of O.Ol mM and a specific activity of IOOO mCi[m-mol. The layer plates were infected with MV-L2 and the virus produced was purified as described above, samples being removed at each step in the purification procedure for total and acid-insoluble radioactivity. A. laidlawii 13o5/68 was inoculated into two samples of GS broth, without added DNA, one containing O.Ol mM-[~H]-thymidine and the other o.o I mM-[3H]-uridine (both at a specific activity of lOOO mCi/mmol). The cultures were incubated at 37 °C and sampled at 6 h intervals for acid-insoluble radioactivity. Radioactivity was measured with a Packard model 2425 liquid scintillation counter.
Colorimetric determination of virus nucleic acid. Aliquots of the purified virus suspension
were analysed using the diphenylamine reaction for DNA (Burton, ~956) and the orcinol test for RNA (Mejbaum, 1939) . Solutions of calf thymus DNA (BDH Ltd) and yeast soluble RNA (Sigma Chemical Co.)were used to construct standard curves in both tests and the relative sensitivity of the orcinol test for RNA and DNA was calculated.
The effect of ribonuelease on plaque formation. The activity of MV-L2 on the 13o5]68 strain of A. laidlawii grown on solid medium plates containing t mg/ml of ribonuclease-A (Sigma, type x-A) in the top layer of the plate was tested (Bradley, I966 ) .
Electron microscopy. For direct examination specimens were applied to carbon-collodion copper grids and negatively stained for about 3o s with z ~ uranyl acetate. Specimens for sectioning were fixed in 3 ~ glutaraldehyde in o.I M-phosphate buffer for 3 h, washed and postfixed in 2 ~oo osmium buffered solution (Millonig's fixative) for ~ h. Pellets were embedded in Araldite and cut on a Reichart OMU z ultramicrotome. Sections were stained with 3 uranyl acetate in 5o ~ methanol for ~5 min followed by 2 ~oo lead acetate for 5 rain before examination. All specimens were examined with an AE1 EM6 electron microscope. The dimensions of ~oo negatively stained virus particles were measured from photographic enlargements of accurate magnification. Each particle was measured twice, along the maximum and minimum diameter, and the average diameter calculated.
RESULTS

Purification of virus
The MV-L2 suspension was concentrated from 236o ml to z ml during the purification process. The initial virus titre was ~ × lo 9 p.f.u./ml and the final titre after purification was I × IO 12 p.f.u./ml. Electron micrographs of purified material showed numerous virus particles and very little contaminating material.
Virus, subsequently located by infectivity assay, was observed as a narrow band in the linear sucrose density gradient at a concentration corresponding to a buoyant density of I. ~ 9 g/ml.
A significant degree of purification was indicated by the fact that antisera prepared in rabbits by inoculation of purified virus possessed no demonstrable growth inhibitory antibodies to A. laidlawii.
Investigation of the nucleic acid type In two experiments, the addition of ribonuclease to the medium had no effect on the formation of plaques as the titres of virus grown on ribonuclease-containing plates and normal plates were similar.
The experiments involving incorporation of [3H]-labelled nucleic acid precursors showed that radioactivity was found only in association with virus grown in the presence of labelled thymidine and not uridine (Fig. I) . As a control, the incorporation of [3H]-thymidine and [3H]-uridine into uninfected A. laidlawii ceils was examined and it was shown that both nucleic acid precursors were incorporated into the acid-insoluble material with high efficiency.
The positive reaction of purified virus in the diphenylamine test supported the presence of DNA in the virus particle. The result of the orcinol test, when adjusted for the DNA present, indicated that the particle contained no RNA.
Electron microscopy
Examination of images of negatively stained concentrated or purified virus suspension showed numerous roughly spherical particles 52 to ~25 nm in diameter with a mean diameter of about 8o nm (Fig. 2) . They generally excluded stain (Fig. 3 a, b, c) . Frequently, however, stain penetrated into the interior of the particles leaving an unstained peripheral band about ~o nm wide (Fig. 3d, e,f) . The interior was usually densely stained and no obvious structure could be visualized but, occasionally, when the stain was less dense there was an indication of a fine coiled structure within the envelope (Fig. 3 d, e, Further studies on MV-L2 I3~ In thin sections, positively stained particles had a distinct triple-layered periphery indicated by two electron-dense layers separated by an electron transparent layer (Fig. 3g, h, i) . Dense irregular depositions of stain appeared in the centre of the particles (Fig. 3g, h, i) , occasionally possessing stained strands radiating from the dense centre to the periphery (Fig. 3 i) .
Examination of thin sections of A. laidlawii ~3o2/68 that had been infected with MV-L2 for 3"5 h showed many virus particles attached to the acholeplasma cell membrane (Fig. 4a, b, c) . After infection for 7 h numerous free virus particles could be seen, frequently congregated together as though just released from the same source (Fig. 5) . Sometimes the virus particles were observed adjacent to (Fig. 6 ) or almost encircling (Fig. 7) apparently disintegrating acholeplasma cells with no discernible membrane.
Examination of the serological relationship between MV-L2 and A. laidlawii
In the first experiment, on solid medium, A. laidlawii antiserum produced an area of inhibition of acholeplasma growth at the site of application of the drop, with a narrow band of enhanced growth at the periphery of the inhibition area. MV-Lz antiserum produced a distinct area of inhibition of MV-L2 plaque formation, indicated by a circle of acholeplasma growth within the confluent virus plaques. MV-L2 antiserum produced a slight enhancement of growth where it had been dropped on to the acholeplasma lawn.
In the second experiment, MV-L2 treated with normal rabbit serum and A. laidlawii antiserum had a titre of 2 × Io 6 p.f.u./ml, whereas MV-L2 treated with MV-L2 antiserum had a titre of < 2-5 × ~o 1 p.f.u.[ml.
These results show that MV-L2 antiserum does not inhibit the growth of A. laidlawii and that A. laidlawii antiserum does not inhibit the multiplication of MV-L2. 
Further studies on MV-L2
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DISCUSSION
Electron micrographs of negatively stained preparations of MV-L2 showed no obvious polyhedral structures; the particles appeared somewhat pleomorphic but predominantly spherical. Stain penetration of some virus particles indicated that the structure usually observed in these negatively stained preparations is an envelope, without visible projections, about ~o nm in thickness. Within the envelope no obvious isometric or helical capsid is visible. In the occasional virus, however, there is an indication of a fine coiled structure within the envelope. Sections also support the evidence of the loose nature of the internal nucleic acid material which apparently contracts into a small core on fixation.
Examination of sections of virus confirmed the presence of an envelope, which apparently has a 'unit membrane' structure.
The association of radioactivity with virus grown in the presence of labelled thymidine and the results of the colorimetric determination provide strong evidence that the virus genome is composed of DNA. This is further supported by the failure of ribonuclease to inhibit plaque formation by the virus.
The buoyant density of MV-L2 in sucrose solution of I"~9 g/ml is in agreement with the evidence that the virus is bounded by a lipoprotein membrane, suggested by electron microscopy and the sensitivity of virus infectivity to lipid solvents (Gourlay, ~970. Thin sections of infected acholeplasma cells show no evidence of virus budding, although the virus particles observed attached to the cells may be in the late stages of budding from the cell surface. The variation in size of the virus particles suggests that they bud and this variation reflects the imprecision of the process of envelope formation at the cell surface. A number of acholeplasma cells surrounded by virus particles appear disintegrated having no distinct cell membrane; this would suggest that lysis can occur whether budding occurs or not.
Neither mature virus particles nor provirus have been observed with certainty within the acholeplasma cell. However, particles resembling mature virus has been observed within cells that are apparently liberating virus and these particles are usually seen within less electron-dense areas which may really be extracellular invaginations.
Failure to inhibit growth of MV-L2 by A. laidlawii antiserum and A. laidlawii by MV-L2 antiserum, perhaps indicates that no serological relationship exists between the envelope of MV-L2 and the membrane of A. laidlawii.
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